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Su m m a ry
C O2 en richm ent u nder ahigh photo syntbeticphoton 且ux density of 150〟 m ol m~2
s~1
,
which is 2-3 tim e sthat in c o n vention al pla nt tis sue c ulture, w a seffective fo r
pr o moting gr o wthof miniatu re r os e(Ro sa kybrida H o rt. , c v Ma ry Antw e r n ett)
pla ntlet in vit710. Gr o wthw a sgreate r umde rphoto a utotr ophic c onditio n stha n u nde r
photomix otr ophic co nditio n s. P hotoa utotrophic gr o wth w a sgr e ater whe n C O2
c oncentr ation in the c ultu r ero o m w a shigher.
I N T RODU CTION
C O2 e nrichm ent u nderhighphQtO Synthetic photo nflu xde n sity (P P F D)is effectiv efo r
pr o m oting photo synthesis a nd gro wth ofchlo r ophyllou s expla nts/sho ots/pla ntlets in uitroin
herba ce o u splants s u ch a s c a rn atio n(Dia nthus ca 7yOPhyllusL.), potato(Sola n u miubey10 S u m
L.)メ, Cym bidiu m a nd stra wberry(F71agWia x a n a n assaDu ch.) (Kozai, 1990;Ko z ai, 1991). Itis
als okn o wnthat pla ntletsin vitrogr o wfa ster u nderC O2 e n riched, highP P F Dphoto autotr o三
phic (photosynthesis-depende nt gro wth) c o ndition s tha n u nder heterotrophic (s uga r-
depe nde ntgrowth) o rphotomix otropbic(boths ugar- and photosynthesis-dependent gro wth)
c o nditio n s(Kozai, 1990;Kozai, 1991).
･ Ex c eptfo r radiata pine(Pin k s71adiata) (Aitke n- Christie et al. , 1990), ho w e v er, itis n ot
kno w n whetherC O2 e n richm e ntis also effectiv efo rpr o m otingthe gro wth of w o ody pla nts
in vitro. An e xperim ent w a s,therefor e, c o ndu ctedto ex a min e whetherC O2 e n richm ent w o uld
prom ote the photo a utotr ophic or pboto mix otrophic gr o wth of miniatu re r os epla ntlets in
vitro.
1992年 7月15日受理
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MATERI A LS AND ME T HODS
Le afy n ode c uttings(fr esh w eight
･
. 20m g per cutting), e x cised fr o m miniature ro se(Rose
妙brida Ho rtリ C V. Ma ry Antw ern ett)pla ntletsin uitro which had be en s ubc ultu red fo r s ev er al
gener atio n s, w e r e u s ed as e xpla nts. T he e xpla nts w ere cultu red for30 days o nhalfstre ngth
MS(Mu rashige and Skoog, 1962) agar (8gl
- 1) m ediu m(dispensed15m lv e sse卜1) with n o
pla nt growth regulator u nder photo a utotr ophic a ndphoto mix otr ophic(20gl】1 su cro sein the
m ediu m) conditio n s.
T he v ess els used w ereglasstest tubes(air v olu m e:70ml, with o n e e xpla ntper v ess el, 17
e xpla nts pertr e atm e nt) c ap pedノwith altimin u mfoil(cap A) or tr a n sparent poly ptop yle n e
負Im atta ched with a mic ropor o uspoly prop yle n e m e mbr a n e(c ap B). T he num ber of air
cha ngesperho u r ofthe v essel, N, with c ap A w a s0. 3 a nd that with c ap B w a s3.8.
T he P P F Do nthe e mpty shelfw as150メ∠m Olm
- 2
sII which w as2- 3tim e sthatin conv en -
tio n alpla nttiss u e c ult re. T he P P F Dat c ultu rele v el in the v ess el with c aps A a nd Bw ere
50a nd 100JL m Olm
~ 2
s~1, r e spectiv ely. T he photoperiod w as16 h d
~1
a ndthe da rk pe riod w as
8 h a-1. T he C O芝 C O n C e ntr atio n sin the c ultur e ro o m w er e c ontr olled at a lev el of720jL m Ol
m ol
- 1 (p pm) (2X C OB) which is abo ut2tim esthatof atm ospheric C O2 C O n C entratio n or3400
jEm Olm ol~1(lo x C O芝)du ringthe photoperiod. T he airte mperatu rein the c ultu re r o o m w as
m aintain ed at25
o
C.
CO2 C O n C e ntr atio n s w ere m e as ur ed with a gas chr o m atogr aph. T he n etphoto synthetic r ate
perpla ntlets in situ (in the v ess el) w a s estim ated b吏the differ en c ein C O2 C O n C e ntr atio n
betw e■ nthein side a nd o utside ofthe v ess el du ring the pbotoperiod m ultiplied bythe N a nd
the a千r v olu m e ofthe v essel(Fujiw a r a et al･1987)･ M e asu r e m erlt Of fr esh a nd dry w eight of
pla ntlets w as c ondu cted on day 30. Statisticala nalysis wa s c o ndu cted ba sed upon Du n c a n
'
s
m ultiple range test.
R E S U LTS A w l)DISC tISSIO N
T he aver agefresh a nd dry w eightper ros epla ntlet w asthe gr eatestforthe pla ntlets with
c ap B u nderphoto autotrophic a nd lo x C O芝 c o nditio n s, while that w a sthe lo w estforthe
pla ntlets with c ap A u nderphoto a utotr ophic a nd 2 Ⅹ C O2 C O nditio n s(Table1). T he diだere n c e
betw ee nthetre atm e nts w as signi丘ca nt(P - 0. 01). V is u alobs erv ation s sho w edthat thero ots
w e re whitein c olo r u nde rphoto a utotrophic c onditio n s a ndgrayin colo r u nde rphotomix otro-
phic c o ndition s.
-Under photo a utotr ophic and 2 Ⅹ C OB C O ndition s, the a v er agefr esh w eight pe rpla ntlet o n
day30w as1. 8tim esgre ater when c ultu red withc ap Btha n whe n c ultu r ed witわc ap A.(Table
1). Under photo mix otLr ophic a nd 2 Ⅹ C O2 C O nditio n s, howe v er, it w as o nly 1. 2tim e sgre ater
when cultu red with c ap B than whe n c ultu red with cap A.
Underlo xCO皇, the a v eragefre sh w eightofpla ntlets c ultured with cap B w a s signi&c a ntly
gre ate r u nde rphoto a utotr ophic c onditio n sthan u nder photomix otr ophic c o nditio n s(P -
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表1｣ 試験開始30 日目にお け る ミ ニ バ ラ小植物体 の全生体童, 全乾物量, 明期の 培養器内 C O2
濃度(Ci n), 小植物体当り の 純光合成速度(N P R) (p gC O2 plantlet~l h-1)お よび葉部乾物
重当り の純光合成速度(m g C O2 gD W~1 b~1)
Table 1. Fresh and dry w eight per whole ro sepla ntlet, C O2 C O n C e ntr atio nin the v e ss el
du ring the pbotoperiod (Ci ｡), a nd n et photosyntbetic rate (N P R)_per plantlet
(〟gC O2 pla ntletー 1 h~1) a nd pe rle af dry w eight(m gC O2 gD W~1 b~Ⅰ) o nday 30.
Tre atm e nt W eight N P Rper
Cin
Su cr o s e C O2 Cap Fre sh
3) Dry
3)
[gl11] 1ev ell) ty pe2) [m g pla ntletl
[〟 m olm ol~1] pla ntlet dry w eigbt
0 Lo w(2 Ⅹ)
0 Lo w(2 Ⅹ)
0 Eigb(lo x)
20 Lo w(2 Ⅹ)
20 Lo w(2 Ⅹ)
20 Higb(10 Ⅹ)
A 87a lュa
B 160abc 28 bc
B 258e 58 de
A 104ab 20ab
B 122bcd 29cd
B 127abc 27 bc
0
0
0
0
0
0
9
7
0
8
8
0
1
4
4
1
5
0
2
3
0
0
0
0
0
0
2
1
9
2
6
0
1
4
2
3
6
2
2
3
ー
:
:
r
:
1): Lo w C O2 (2 Ⅹ C O2):720■〟 m ol m ql~1in the c ultu r e r o o mdu ri】ng the photope riod, High
C O2 (lo x CO2):3400p m ol m oIMlin the c ultu re ro o mdu ring the photope riod.
2): Capty pe A :A lu min u mfoilc ap, Capty pe B:Tra n spa re ntpolypr op yle n e丘1m atta ched
with a microporo u spolyprop ylene m embra n e.
3): M e a n s epa r atio n within c olu m n sby Du n c a n
'
s m ultiple ra ngetest, 1% le v el.
0. 01).
Itis c o n cluded thatC O2 en richm entunder relativ elyhigh P P F Dw a s e任e ctiv efo rpr o m oト
ing gro wth of ro sepla ntlets in vitro u uder photo a utotr ophic a nd photo mix otr ophic c ondi-
tio n s･ A po sitiv e effe ctof C O2 en richm entfor other w o ody pla nts c a nthe refor ebe e xpe cted.
T be stable C O2 C O n C entratio nin the v ess els, °in , du ringthe photoperiod o nday30w a s280
〟 m olm ol~
1lo w er with c ap A tha n with c ap B u nderphoto a utotrophic a nd 2 Ⅹ C O2 C O ndition s,
while the Cin ⅥてaS400/Jm Olm oI-
116w er with c ap A tha n with c ap B u nderphotomixotrophic
and 2 ⅩC O2 CO nditions. T he °in W a slo w er with c ap A tha n with c ap B, althoughthe fresh
a nd dry w eights w ere gre ater with cap Btha n withc ap A, m ainlybec a u s ethe N islo wer with
c ap A tha n with c ap B･ As a r es ult, the a v er age n etphotosynthetic r ate (N P R)perPlantlet
in situ w a s5･ 5tim esgr e ater whe ncultu red with c早pB tha n whe ncultur ed with c ap A under
･ ?j
photo a utotr ophic a nd 2 Ⅹ C O2 c o nditio n s a nd w as3.Ptim esgre ate rtha n when c ultu r ed with
c ap A tha n when cultu red with c ap B u nderphoto mixotrophic a nd 2Ⅹ C O2 C O nditio n s.
T be N P Rperplantlets u nder2 Ⅹ C O2 C O ndit圭o n s with c ap B w a s ro ughly1. 8tim esgre ater
u nderphotoa utotrophic tha n u nderphoto mix otrophic co nditions. At lo xC O2, it w as2. 4
tim esgre ater u nderphoto a utotropbic tha n u nderphoto mix otr ophic c o nditions. T he NPR per
dry w eight w a shigher u nder photo a utotrophic c o nditions tha n u nderphoto mix otrophic
c o nditio n s a ndthe N P R in cre a sed with incr easing Cin ･ T he dec re as ein N P Rwith in c re a sing
su cr os e c o n c entratio ninthe m ediu m w as alsofo undforpotato pla ntletsin vity10 (Nakaya m a
et al, 1991).
Growth pr o m otion with c ap B u nderC O2 e n riched c o ndition s can be attributed to the
in cre as ein N P Rperpla ntletand perdry w eight･ Both u nderphoto a utotr ophic a ndphoto mix -
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otrophic.conditions,the orde rof fresh w eightperpla ntlet, °in ,N P Rperplantlet, N P Rperdry
w eightis 2 Ⅹ C O2 With c ap A, 2 Ⅹ C O2 With c ap B a nd l ox C O2 女ith c ap B.
' T he micr opo r o u s m e mbr a n e w as effe ctiv efor m aintaining r elativ ely highCO2 c o nce ntr a-
tio n sin the･v es sel du ringthe photoperiod. T he r elativehu midity a nd ethyle n e co n c e ntr atio n
in the v ess el'sho uld be als olo w er with cap B tha n with c ap A. T he side effects of the
m e mbra n e us e o nthe cha ngesin ethylene and w ater v apor(hu midity) c o n c entratio n s n eed
to befu rther e x a min ed.
｢
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